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(57) ABSTRACT 

An apparatus for reducing a medical device such as a stent 
in size is formed of cooperating crimping dies which are 
joined via a crimping die moving device. As the cooperating 
dies arc moved together, an inward force is applied to the 
medical device to reduce the medical device in size. 

18 Claims, 9 Drawing Sheets 
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Fig. la 




Fig. lb 
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Fig. 4 
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Fig. 9a 




Fig. 10 
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STENT CRIMPING SYSTEM 
BACKGROUND OF THE INVENTION 

This invention relates to an assembly and a method for 
fastening a stent onto a catheter. This kind of device finds 
routine use in the area of percutaneous transluminal coro- 
nary angioplasty (FTC A) procedures, although it may be 
used in other types of procedures, as well. 

Stents and stent delivery assemblies are utilized in a 
number of medical procedures and situations, and as such 
their structure and function are well known. A stent is a 
generally cylindrical prosthesis introduced via a catheter 
into a lumen of a body vessel in a configuration having a 
generally reduced diameter and then expanded to the diam- 
eter of the vessel. In its expanded configuration, the stent 
supports and reinforces the vessel walls while maintaining 
the vessel in an open, unobstructed condition. 

Inflation expandable stents arc well known and widely 
available in a variety of designs and configurations. Inflation 
expandable stents are crimped to their reduced diameter 
about the delivery catheter, then maneuvered to the deploy- 
ment site and expanded to the vessel diameter by fluid 
inflation of a balloon positioned between the stent and the 
delivery catheter. The present invention is particularly con- 
cerned with the crimping of inflation expandable stents 
although self-expanding stent may be used as well. 

An example of an inflation expandable stent is described 
in PCT Application No. 960 3092 Al, published Feb. 8, 
1996, the content of which is incorporated herein by refer- 
ence. 

In advancing an inflation expandable balloon through a 
body vessel to the deployment site, the stent must be able to 
securely maintain its axial position on the delivery catheter, 
without translocating proximally or distally, and especially 
without becoming separated from the catheter. Stents that 
are not properly secured or retained to the catheter may slip 
and either be lost or be deployed in the wrong location or 
partially deployed. The stent must be crimped in such a way 
as to minimize or prevent altogether distortion of the stent 
and to thereby prevent abrasion and/or reduce trauma of the 
vessel walls. The stent must also be crimped in such a way 
as to avoid damaging the balloon. 

In the past, crimping has been done by hand often 
resulting in the application of undesired uneven forces to the 
stent. Such a stent must either be discarded or re -crimped. 
Stents which have been crimped multiple times can suffer 
from fatigue and may be scored or otherwise marked which 
can cause thrombosis. A poorly crimped stent can also 
damage the underlying balloon. 

Recently, stent crimping devices have been disclosed in 
U.S. Pat. No. 5,546,646 to Williams et al, U.S. Pal. No. 
5,183,085 to Timmermans et al., U.S. 5,626,604 to Collone, 
Jr., U.S. Pat. Nos. 5,725,519, 5,810,873 to Morales, WO 
97/20593 and WO 98/19633. 

There remains a need to produce a device, optionally 
portable, to crimp a stent onto a catheter uniformly or reduce 
a stent in diameter while minimizing the distortion of and 
scoring and marking of the stent and due to the crimping or 
size reduction. 

In the description that follows it is understood that the 
invention contemplates crimping a stent either directly to a 
catheter tube or to a catheter balloon which is disposed about 
a catheter tube. When reference is made to crimping a stent 
to a catheter, a balloon may be situated between the stent and 
the catheter lube or the slent may be crimped to a region of 
a catheter tube directly. 
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All U.S. patents and applications and all other published 
documents mentioned anywhere in this application are 
incorporated herein by reference in their entirety. 

5 BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to an apparatus for 
reducing a medical device such as a stent in size. The 
apparatus includes a plurality of jaw-like dies which may be 
closed inward on the stent to apply an inward directed 

30 crimping force to the stent. The dies may be arranged 
directly opposite one another or may be interleaved. The 
dies may also be disposed in other configurations as well. A 
stent may be reduced in size by placing it between the 
jaw-like dies and moving the dies inward to apply an inward 

15 force to the stent. The dies may be moved inward manually 
or by the use of a suitable actuation device such as an air 
cylinder or a pneumatic screw. 

In one embodiment, the invention is directed to an appa- 

?Q ratus for reducing a medical device in size comprising at 
least one first crimping die with a first crimping surface for 
contacting the medical device and at least one second 
crimping die with a second crimping surface for contacting 
the medical device. The apparatus further comprises a 

?5 crimping die moving device which connects the first and 
second crimping dies. The crimping die moving device is 
constructed and arranged to move the first and second 
crimping dies toward one another from an open position to 
a closed position. In the open position, the first and second 

3Q crimping dies are spaced to form an opening in which a 
medical device may be inserted. In the closed position, the 
first and second crimping dies form an opening of reduced 
size. 

In another embodiment, the invention is directed to a stent 

, 5 crimper comprising at least a first crimping die having a first 
notch therein forming a crimping surface and at least a 
second crimping die having a projecting portion with a 
second notch therein forming a crimping surface. The pro- 
jecting portion is sized to fit at least a part of the way into 

40 the first notch in the first crimping die. The crimper further 
comprises a base portion constructed and arranged to mov- 
ably receive the first and second dies. The first and second 
dies are movably received on the base portion with the first 
and second notches facing each other so as to form a variable 

45 size stent receiving region. The first and second crimping 
dies are movable from an open position in which a stent may 
be received between the first and second notches to a closed 
position in which a crimping force is applied to the stent. 
In yet another embodiment, the invention is directed to a 

50 slent crimper comprising a plurality of linearly arranged, 
spaced firsl and second crimping dies. Each first crimping 
die has a first notch therein forming a crimping surface. Each 
second crimping die has a second notch therein forming a 
crimping surface. The crimper further comprises a base 

55 portion constructed and arranged to movably receive the first 
and second crimping dies. The first and second crimping 
dies are movable from an open position in which a stent may 
be received between the first and second notches to a closed 
position in which the first and second crimping dies are 

60 interleaved and a crimping force is applied to the stent. 
In yet another embodiment, the invention is directed to a 
stent crimper comprising a plurality of linearly arranged, 
spaced first crimping dies and linearly arranged, spaced 
second crimping dies. Each first crimping die has a first 

65 notch therein which forms a crimping surface and each 
second crimping die has a second notch therein which forms 
a crimping surface. A connecting member connects first and 
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second crimping dies. The first and second crimping dies are 
movable from an open position in which a stent may be 
received between the first and second notches to a closed 
position in which the first and second crimping dies arc 
interleaved and a crimping force is applied to the stent. 5 

In yet another embodiment, the invention is directed to a 
stent crimper comprising a plurality of linearly arranged die 
sets which are linearly spaced apart from one another Each 
die set comprises a plurality of crimping dies disposed about 
an open region. Each of the dies in a given die set are 10 
disposed radially about a common point, and are movable 
from an open position in which the open region is sized to 
receive a stent therethrough to a closed position in which the 
dies apply a crimping force to the stent. The crimper further 
comprises at least one actuation device. Each die set is in 15 
communication with an actuation device, which may sepa- 
rately control individual dies sets, moving the dies from the 
open position to the closed position. 

In yet another embodiment, the crimper comprises a 
multiplicity of dies which are disposed at various angles ~° 
about the longitudinal axis of the stent. 

The invention is also directed to a method for reducing a 
stent or other medical device in size using the inventive 
apparatus. The medical device is placed in the apparatus in 25 
between the first and second crimping dies and the first and 
second crimping dies moved relatively closer together. An 
inward force is applied to the medical device thereby 
reducing the medical device in size. The stent may be placed 
in a protective sleeve prior to crimping. 3Q 

The invention also contemplates reducing a stent in size 
using an inventive crimper as a step in a multistcp size 
reduction and crimping process. A stent may be reduced 
somewhat in size using any other suitable size reduction 
technique and then crimped on to a catheter using the 35 
inventive apparatus. In one such method, the stent is initially 
reduced in size by placing it in a braid or other suitable 
sleeve and elongating the sleeve with a resulting reduction 
in diameter. The stent is then placed in the inventive 
apparatus and further reduced in size. Alternatively, the 40 
inventive apparatus may be used as a first step in reducing 
a stent in size prior to crimping the stent onto a catheter. 

BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWING(S) 45 

FIG, la is a perspective view of an inventive stent 
crimper; 

FIG. lb is a perspective view of a portion of the crimper 
of FIG. la; 

FIG. 2 shows a crimping die; 

FIG. 3a is a perspective view of an inventive stent crimper 
in an open position; 

FIG. 3b is a perspective view of the inventive stent 
crimper of FIG. 3^ in a closed position; 

FIG. 3c is side elevational view of a crimping die; 

FIG. 4 is a schematic of an inventive stent crimper 
comprising two sets of opposing crimping dies; 

FIG. So is a perspective view of an inventive stent 
crimper; 

FIG. 5b is a perspective view showing the dies used in the 
inventive stent crimper shown in FIG. 5a; 

FIG. 6 is a front view of another embodiment of the 
invention; 65 

FIG. la is a side view of a crimping die for preventing 
stent flaring; 



50 



60 



FIG. lb is a perspective view of an arrangement of 
crimping dies; 

FIG. 7c is a front view of an arrangement of crimping 
dies; 

FIG. Id is a perspective view of an arrangement of 
crimping dies; 

FIG. 8 is a side view of a crimping die for achieving a 
non-uniform crimping of a stent; 

FIG. 9a shows another embodiment of the invention; 

FIG. 9b shows a cross-section of FIG. 9a taken along line 
9b— 9b; 

FIG. 9c shows a cross-section of an angled die; and 
FIG. 10 shows a sleeve suitable for enclosing a stent when 
crimping it in the practice of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

While this invention may be embodied in many different 
forms, there are described in detail herein specific preferred 
embodiments of the invention. This description is an exem- 
plification of the principles of the invention and is not 
intended to limit the invention to the particular embodiments 
illustrated. 

For the purposes of this disclosure, the term stent refers to 
stents, stent-grafts, grafts and other endoluminal prostheses 
whether self -expanding, balloon expandable or a combina- 
tion of self -expanding and balloon expandable, as are known 
in the art. Furthermore, where reference is made to crimping 
a stent, the invention specifically contemplates crimping 
stents, stent-grafts, grafts and other endoluminal prostheses. 

Also, for the purposes of this disclosure, the term 'stent 
bearing region of a catheter* and similar terms refers to the 
portion of a catheter about which the stent is to be mounted 
where no balloon is used to expand the stent and, in the case 
of balloon expandable stents, refers to the portion of the 
catheter and balloon about which the stent is to be mounted. 

Finally, for the purposes of this disclosure, the term 
' crimp ' and its cognates shall refer to reducing in size of a 
stent whether or not the stent is mounted on a catheter. In the 
later case, the crimping may also result in the stent being 
conformed, at least in part, to the shape of the catheter or any 
device mounted between the catheter and the stent. 

The present invention is directed generally to an apparatus 
such as the one shown at 100 in FIG. la, for reducing a 
medical device in size. The apparatus comprises a plurality 
of first crimping dies 104, a plurality of second crimping 
dies 116 and a crimping die moving device 132 connecting 
first crimping dies 104 and second crimping dies 116. First 
crimping dies 104 are linearly spaced along a first crimping 
member 130 which is mounted on crimping die moving 
device 132. Second crimping dies 116 are similarly aligned 
on a second crimping member 131 which is mounted on 
crimping die moving device 132. 

Each first crimping die 104 and second die 116, as shown 
in FIG. la and 2, has a notch 108 therein forming a crimping 
surface 109. Notch 108 is substantially V-sbaped. The base 
112 of the V-shaped notch is desirably arcuate and more 
desirably, semicircular to accommodate a medical device 
such as a stent or the like therein. Notches 108 in first 
crimping dies 104 are aligned so as to be capable of 
receiving a medical device therein as are notches 108 in 
second crimping dies 116. 

First and second crimping dies 104, 116 are linearly 
displaced from one another along the length of the crimping 
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members so as 10 mesh with one another when the crimper 
is closed. As shown in FIG. la, first and second crimping 
dies 104 and 116 interleave with one another as the crimper 
is closed. 

First crimping member 130 and second crimping member 5 
131 extend from crimping die moving device 132. In the 
embodiment of FIG. la, crimping die moving device 132 
consists of a first arm 136 and a second arm 140 which arc 
constructed from a single piece of material bent over on 
itself. Desirably, the first and second arms will have grooves i° 
144 therein, as shown in FIG. lb, so that first and second 
crimping dies 104 and 116 may snap into place on first and 
second arms 136 and 140, respectively. In FIG. lb, first arm 
136 is shown with first crimping dies 104 and first crimping 
member 130 already in place whereas second arm 140 is 35 
shown without second crimping die 116 and second crimp- 
ing member 131 for the sake of illustrating grooves 144. 
Other suitable means of mounting the crimping dies and 
crimping member may be used as well. 

1 "he invention also contemplates the first and second arms 20 
being formed of separate pieces of material which are then 
joined together through any suitable technique including 
bonding, adhesive or otherwise and welding. The two arms 
arc desirably joined at their ends but the junction between 
the two arms may also be located elsewhere along the arms. 25 
Desirably, the crimping die moving device, as shown in FIG. 
la, will be constructed of a resilient metal or plastic such 
that the apparatus will spring back to its open position where 
it will remain when released from the closed position. 

In another embodiment of the invention, as shown in FIG 
3a, first crimping dies 104 and second crimping dies 116 are 
slidingly mounted on abase 148. First crimping dies 104 
extend from first crimping member 130 and second crimping 
dies 116 extend from second crimping member 131. The 
crimping member and corresponding crimping die may be of 
single piece or they may be made separately and joined 
together. 

In the embodiment of FIG. 3a, each of the first crimping 
dies 104 and the second crimping dies 116 have a notch 4Q 
therein. Desirably, although not shown in FIG. 4a, notch 116 
will have an arcuate or semicircular portion similar to that 
shown in FIG. 2. 

First crimping dies 104 and second crimping dies 116 are 
longitudinally displaced from one another so that the dies 45 
will mesh when as the crimper is closed, as shown in FIG. 
4b. 

As further shown in FIGS. 3b and 3c, base 148 has a 
groove 135 cut therein which slidingly receives rail 137 
which extends from each of first crimping die moving 50 
member 130 and second crimping device moving member 
131. Those of ordinary skill in the art will recognize other 
suitable ways for slidingly mounting the moving members to 
the base. 

In use, a stent or other suitable medical device is inserted 55 
in the space between the first and second crimping dies and 
the dies slid together to reduce the diameter of the stent or 
other suitable device. When the crimper is closed, the 
opening between the first dies 104 and the second dies 116, 
designated by reference numeral 152, is reduced in size, as go 
illustrated in FIG. 3b. In normal use, a stent or other medical 
device, whether by itself or disposed about a catheter will 
rest in opening 152. 

In a related embodiment, an apparatus similar to that 
shown in FIG. 3a may be constructed in which only one of 65 
the sets of crimping dies is slidable. In use, a stent is 
disposed between the crimping dies and the slidable crimp- 



ing dies slid toward the fixed crimping dies to reduce the 
diameter of the stent. 

'ITie crimper of FIGS. 1 and 3 is a self-centering crimper. 
Stents inserted between the notches in the first and second 
dies will self-center in the notches upon closure of the dies. 

'llie invention also contemplates embodiments having 
additional crimping dies arranged at various angles about the 
longitudinal axis of the crimper. FIG. 4 is a schematic 
drawing of an embodiment in which four sets of crimping 
dies are provided. First and second crimping dies 114 and 
116 are disposed opposite one another and longitudinally 
displaced from one another as are third and fourth crimping 
dies 118 and 122, moreover, third and fourth crimping dies 
118 and 122 are rotated 90° with it to the first and second 
crimping dies. Stent 156 is shown disposed about catheter 
160 in opening 152. Additional sets of crimping dies dis- 
posed at other angles may also be provided. Desirably, the 
sets of crimping dies will be arranged such that in the closed 
position they are regularly disposed about the opening 
between them. As shown in FIG. 4, the crimping dies are 
regularly disposed abut a common point 164. Depending on 
the form of the dies, the dies may be interleaved or directly 
opposite one another. 

In use, the sets of opposing dies may be applied simul- 
taneously or sequentially. In the latter case, the third and 
fourth die sets may be closed and released after the first and 
second die sets have been utilized and removed thereby 
ensuring that each die set is able to contact and crimp the 
stent as desired regardless of the spacing of the dies. 

The invention contemplates embodiments having an even 
number of sets of crimping dies as well as embodiments 
having an odd number of crimping dies. In the latter case, 
none of the sets of crimping dies need be opposite one 
another. 

In yet another embodiment, the inventive apparatus com- 
prises a single first crimping die 104 and a single second 
crimping die 116 as shown generally at 100 in FIGS. 5a and 
5b. Desirably, first and second crimping dies 104 and 116 
will be at least as long as the stent or other medical device 
to be crimped. First and second crimping dies 104 and 116 
extend from first and second crimping members 130 and 131 
respectively. First and second crimping dies 104 and 116, 
respectively, are longitudinally aligned in that the dies are 
not linearly displaced along the longitudinal axis 101 of the 
crimping device. 

First crimping member 130 and second crimping member 
131 each include an optional opening therein 150 to receive 
a device, such as an air cylinder or a pneumatic screw, 
shown schematically at 151 in FIG. 5a, which is capable of 
moving the crimping members inward and outward. The 
dies may also be hand operated. 

As shown in FIG. 5a, first and second dies 104 and 116 
rest upon base 148. Base 148 includes four raised portions 
156 which form a cradle for first and second dies 104 and 
116. Raised portions 156 also include a channel 160 in 
which a catheter may reside. 

It is noted that the dies such as those shown in FIGS. 5a 
and 5b in any of the other crimping apparatuses shown in 
this disclosure. 

In yet another embodiment, shown generally at 200 in 
FIG. 6 the inventive crimper includes a first crimping die 
204, a second crimping die 216 and a crimping die moving 
device 232 connecting first crimping die 204 and second 
crimping die 216. Crimping die moving device 232 includes 
first arm 236 and second arm 240 which are pivolally 
interconnected bv fastener 241. 
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First and second crimping dies 204 and 216 each have an spective view of two of the dies of FIG. 7 c. It is, of course, 

arcuate or semicircular notch 208 therein. Notch 208 is sized understood that two such sets of opposing, interleaved dies 

to hold a stent therein. are necessary to form the inventive stent crimper. 

Crimping dies 204 and 216 ma y be adhesively bonded or In another embodiment of the invention, movement of the 

otherwise attached to arms 236 and 240 or formed integrally 5 dies may be controlled by actuators which are arranged so as 

with the arms. The crimping members may also be remov- to output a desired force. ITie force applied to the various die 

ably attached to arms 236 and 240 for ease of changing may differ depending on the location of the die. 

members based on the specific crimping needs. As shown in FIG. 9a, the stent crimper, shown generally 

In use, a stent or other suitable medical device is inserted at 400, comprises at least one die set, shown generally at 402 

between first crimping die 204 and second crimping die 216 10 and desirably a plurality of side-by-side dies sets which 

and first arm 236 and second arm 240 arc moved relatively define an opening for receiving a stent therein. Die sets 402 

closer together. An inward force is thus applied to the stent includes a plurality of individual dies 404. As shown in FIG. 

or other medical device. The arms may then be moved apart 9b, each die 404 has an annular inner surface 405. The 

to facilitate removal of the stent. invention may also be practiced using die sets which com- 

The present application is also directed to stent crimpers 15 P rise two dies or die which comprise four or more 

capable of non-uniformlv crimping a stent on a catheter and individual dies. Dies 404 in a given die set 402 form an 

methods of non-uniformly crimping a stent to a catheter. annulus when the y are completely closed. 

Additional crimping of the end portions provides for an Each die * individually controlled by an actuation 

increased stent securement force relative to a crimped stent , ft dev 'ce whld i controls how much force is applied to the dies 

with a continuous inner and outer diameter profile. The ~° in a S iven die seL As *™ n ™ a desired I force is achieved the 

additional crimping also provides atraumatic proximal and die is held in P 0Sltl0n untl1 the desired torce 15 thieved for 

distal stent edges for advancement and withdrawal of the the remaining dies, at which point the dies are released. The 

stent through delivery guides and vasculature thus reducing actuation device may include air cylinders or pneumatic 

the likelihood that the stent will snag on the interior of a „ and a suitablc contro1 s y slcra - 0lhcr commercially 

vessel or delivery guide. Any of the devices described above " 5 available actuation systems may be used as well. Desirably, 

can be modified simply in order to apply the additional the actuators will be set so that each of the individual dies 

crimping force to the stent in the desired regions of the stent. a PP Ues ec l ual P ressure t0 the stent 

A suitable crimping die for crimping the proximal and ^ invention further contemplates the use of dies of 

distal ends of a stent relative to the remainder of the stent to , Q differin S len § ths depending on the region of the stent to be 

avoid flaring of the stent ends upon expansion of the stent is * crim P ed - In FIG - 9 ^ for example, first dies 404a are longer 

shown at 304 and 316 in FIG. la. First ends 304^ and 316a thao ^cond dies 4046. The length of second dies 4046 

respectively and .second ends 3046 and 3166, respectively, corresponds to the length of stent securement hubs 458 on 

extend further inward than intermediate portions 304c and catheter 460 underneath stent 456. Stent 456, shown in FIG. 

316c, respectively. As dies 304 and 316 come together, ends 35 9 "> has alread y been crimped in accordance with the inven- 

356a and 3566 of stent 356 are reduced to a smaller diameter ' ll0n t0 ^Woon 459 and catheter 460. 

than intermediate portion 356c. The inventive stent crimper may further comprise angled 

Dies 304 and 316 may be used in conjunction with the dies at th e ends, such as die 404c, shown in cross section in 

crimping die moving device 232 shown in FIG. 6 or other FIG - 9c ; 10 rcducc flann § of the ^onl ends, 

suitable crimping die moving devices disclosed herein. A 40 Tne invention is further directed to methods of crimping 

non-uniform crimp may also be realized using devices such a stent or other medical device using the inventive appara- 

as those shown in FIGS. 1, 3a, 6, and 4 by providing an array ,uses disclosed herein. 

of first crimping dies and an array of second crimping dies, In one embodiment, a stent or other medical device is 

each array including at least one crimping die at each end disposed between the crimping dies of the apparatuses 

which, when taken along with the opposing die, defines a 45 disclosed herein. The first and second crimping dies are then 

smaller diameter opening. moved relatively closer together such that an inward force is 

Non-uniform dies may also be useful in crimping a stent applied to the medical device thereby reducing the medical 

to a catheter which has suitable mounting devices extending de vice in size. The method may be used to crimp a stent 

therefrom. As shown in FIG. 8, catheter 334 has two stent uniformly or non-uniformly. An example of the latter is 

support bands 343 mounted thereon. Stent 356 has been 50 shown in FIG. 8. Stent 356 is crimped to a non-uniform 

crimped using dies 304 and 316. The shape of dies 304 and diameter along its length. Ends 356^6 are tapered. Middle 

316 conforms to the profile of catheter 334 and stent support portion 356c and intermediate portions 356d,e are crimped 

bands 343. Stent 356, having been crimped by dies 304 and t0 different diameters (or, in the case of a stent with a 

316, conforms to the catheter and support bands. substantially non-circular transverse cross-section, to differ- 

The embodiment of FIG. la may also be realized by 55 enl transve rse cross-sectional areas), 

mounting dies 304 and 316 in a manner similar to that shown The stent or medical device may simply be reduced in size 

in FIG. 5a. The inventive concept may also be realized by via tn c inventive method or may be crimped onto a catheter 

providing a plurality of first and second crimping dies as in using the inventive method. 

FIGS. 1, 3a, 36 and 4 which define suitable openings In another embodiment, a first crimping force is applied 
therebetween along the length of the stent. FIG. 76 shows an 60 to some of the crimping dies in the above inventive appa- 
arrangement of individual crimping dies I04a~e, each hav- ratuses and a second and different crimping force is applied 
ing a crimping surface 109a-e in the form of a V-shaped to some other of the dies to facilitate crimping. The appli- 
notch. The V-shaped notch grows progressively smaller cation of different forces to different dies is particularly 
from die 104rt to die 104e. FIG. 7c shows a front view of an useful in crimping a stent to a catheter having stent secure- 
arrangement of dies 104a-d with notches I09a-d that grow 65 mcnt hubs or other no n -uniformities in the catheter surface, 
progressively deeper from sides 103^6 of the arrangement In all of the above embodiments, the stent may further be 
to center 103c of the arrangement. FIG, Id shows a per- protected by a sleeve to prevent direct contact between the 
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stent and the crimping device. This may minimize or elimi- 
nate any marring or nicking of the stent by the crimping 
member. Suitably the sleeve is comprised of elastomeric 
tubing, although more generally, polymeric tubing may be 
used. The sleeve may also be formed of a braided material. 5 
In particular, a sleeve which has a full diameter and at least 
one reduced diameter configuration when a tension is 
applied to the sleeve may be used to protect the stent and to 
supply an additional crimping force to the stent. 

A preferred embodiment of a protective sleeve formed of 10 
braided material is indicated at 500 in FIG. 10. In the 
embodiment shown polymeric or metal braids may be used. 
Individual strands 503 of a given polymer are interwoven as 
shown in FIG. 10 to form tubular braid 500. Moreover, the 
weave must be dense enough as to prevent parts of the stent, 35 
depending on the design of the stent, from penetrating the 
weave and becoming enmeshed in it. In a preferred 
embodiment, individual strands 503 are made of Nylon 
having a circular cross section of diameter 5 /iooo inch. 
Strands 503 are woven together in a clothing weave to form 20 
tubular braid 500 with the weave being about 20 to about 90 
picks/inch, desirably about 55 picks/inch. An example of a 
braid tube braid tube is one manufactured by SCIMED Life 
Systems, Inc., Maple Grove, Minn, and/or SantaFe Textiles, 
Inc., Los Angeles, Calif. Suitable ones may be manufactured 25 
by any other coil braider. Nylon or polypropylene propylene 
may also be used for the braid as well as other suitable 
polymeric materials including elastomeric materials. The 
sleeve may also be provided in the form of a smooth 
polymeric tube. 30 

In addition to protecting the stent, the protective sleeve 
may also be used to reduce the stent in size prior to the stent 
being crimped. By stretching the sleeve a radially inward 
may be applied to the stent. 

A typical crimping sequence that includes the use of the ^ 5 
protective sleeve includes the following steps: 

1) presize stent using any suitable means (optional); 

2) load stent onto balloon and catheter (optional); 

3) place sleeve (optionally longer than the stent) over 40 
stent (optional); 

4) position stent between opposing dies of an inventive 
stent crimper; 

5) crimp the stent; 

6) rotate the stent by a desired amount, such as 9° 45 
(optional); 

7) slide sheath forward on stent to bring stent into contact 
with a portion of the sleeve that has not been crimped 
(optional); ^ 

8) crimp the stent (optional); 

9) rotate stent again by a desired amount, desirably 45° in 
a direction opposite to the prior direction of rotation 
(optional); 

10) slide sheath forward on stent to bring stent into 55 
contact with a portion of the sleeve that has not been 
crimped (optional); and 

11) crimp the stent (optional). 

The rotating, sliding and crimping steps may be repeated, as 
necessary, until a desired final configuration is reached. 60 

Additional crimping steps may be applied to the stent 
following the above sequence. 

The invention is further directed to methods of crimping 
in which any of the individual crimping modalities disclosed 
herein is combined in sequence with any other crimping 65 
modality disclosed herein and/or with any of the crimping 
modalities described in the commonly assigned, cofiled U.S. 
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patent application Sen Nos. 09/401,467, 09/404,986, and 
09/401,218, and commonly assigned and copending U.S. 
application Ser. No. 08/951,550 all of which are directed to 
stent crimpers and all of which are incorporated herein in 
their entirety by reference. Thus, a stent may be pre-crimped 
using one crimping technique and further crimped using 
another crimping technique. 

The above disclosure is intended to be illustrative and not 
exhaustive. This description will suggest many variations 
and alternatives to one of ordinary skill in this art. All these 
alternatives and variations are intended to be included within 
the scope of the attached claims. 

In addition to being directed to the specific combinations 
of features claimed below, all possible alternative dependent 
combinations of the features recited above or in the depen- 
dent claims, whether written in multiple dependent form or 
not, should be considered to be within the scope of the 
invention. Those familiar with the art may recognize other 
equivalents to the specific embodiments described herein 
which equivalents are also intended to be encompassed by 
the claims attached hereto. 

We claim: 

1. An apparatus for reducing a medical device in size 
comprising: 

at least one first crimping die with a first crimping surface 

for contacting the medical device; 
at least one second crimping die with a second crimping 

surface for contacting the medical device; and 
a crimping die moving device which connects the first and 

second crimping dies, 

the crimping die moving device comprising a base from 
which the first and second crimping dies extend, 

at least one of the crimping dies slidably mounted in the 
base, 

the crimping die moving device constructed and 
arranged to move the first and second crimping dies 
toward one another from an open position to a closed 
position, 

the first and second crimping dies in the open position 
spaced to form an opening in which a medical device 
may be inserted, 

the first and second crimping dies in the closed position 
forming an opening of reduced size. 

2. The apparatus of claim 1 wherein both the first and 
second crimping dies are slidably mounted in the base. 

3. An apparatus for reducing a medical device in size 
comprising: 

at least one first crimping die with a first crimping surface 

for contacting the medical device; 
at least one second crimping die with a second crimping 

surface for contacting the medical device; and 
a crimping die moving device which connects the first and 
second crimping dies, the crimping die moving device 
comprising at least one air cylinder, the at least one air 
cylinder in mechanical communication with at least one 
of the first and second crimping dies, 
the crimping die moving device constructed and 
arranged to move the first and second crimping dies 
toward one another from an open position to a closed 
position, 

the first and second crimping dies in the open position 
spaced to form an opening in which a medical device 
may be inserted, 

the first and second crimping dies in the closed position 
forming an opening of reduced size. 

4. An apparatus for reducing a medical device in size 
comprising: 
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a plurality of first crimping dies, each of the plurality of 
first crimping dies having a first crimping surface for 
contacting the medical device, the first crimping sur- 
face of one or more of the plurality of first crimping 
dies differing in shape from the crimping surface of the 5 
remaining first dies; 
a plurality of second crimping dies, each of the plurality 
of second crimping dies having a second crimping 
surface for contacting the medical device, the second 
crimping surface of one or more of the plurality of 10 
second crimping dies differing in shape from the crimp- 
ing surface of the remaining second dies; and 
a crimping die moving device which connects the plural- 
ity of first crimping dies and the plurality of second 
crimping dies, 35 
the crimping die moving device constructed and 
arranged to move the plurality of first crimping dies 
and the plurality of second crimping dies toward one 
another from an open position to a closed position, 
the plurality of first crimping dies and the plurality of 20 
second crimping dies in the open position spaced to 
form an opening in which a medical device may be 
inserted, 

the plurality of first crimping dies and the plurality of 
second crimping dies in the closed position forming " 5 
an opening of reduced size. 

5. An apparatus for reducing a medical device in size 
comprising: 

a plurality of first crimping dies, each of the plurality of 3Q 
first crimping dies having a first crimping surface for 
contacting the medical device; 

a plurality of second crimping dies, each of the plurality 
of second crimping dies having a second crimping 
surface for contacting the medical device; and 35 

a crimping die moving device which connects the plural- 
ity of first crimping dies and the plurality of second 
crimping dies, 

the crimping die moving device constructed and 
arranged to move the plurality of first crimping dies 40 
and the plurality of second crimping dies toward one 
another from an open position to a closed position, 

the plurality of first crimping dies and the plurality of 
second crimping dies in the open position spaced to 
form an opening in which a medical device may be 45 
inserted, 

the plurality of first crimping dies and the plurality of 
second crimping dies in the closed position forming 
an opening of reduced size, 

the crimping die moving device further constructed and 50 
arranged to apply a first force to one or more of the 
plurality of first crimping dies and one or more 
second dies and a second force to one or more other 
first crimping dies and one or more other second 
crimping dies. 55 

6. The apparatus of claim 5 wherein the first and second 
crimping dies are longitudinally aligned. 

7. The apparatus of claim 5 comprising a plurality of third 
crimping dies in mechanical communication with the crimp- 
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ing die moving device, the first, second and third crimping 
dies longitudinally aligned. 

8. The apparatus of claim 5 wherein the second force is 
different from the first force. 

9. A method of crimping a stent comprising the steps of: 

a) loading the stent onto a balloon and catheter; 

b) providing a stent crimper, the stent crimper comprising: 
at least one first crimping die with a first crimping 

surface for contacting the stent; 

at least one second crimping die with a second crimp- 
ing surface for contacting the stent; and 

a crimping die moving device which connects the first 
and second crimping dies, the crimping die moving 
device constructed and arranged to move the first and 
second crimping dies toward one another from an 
open position to a closed position, 

the first and second crimping dies in the open position 
spaced to form an opening in which a medical device 
may be inserted, 

the first and second crimping dies in the closed position 
forming an opening of reduced size; 

c) positioning the stent between the first crimping die and 
the second crimping die of the stent crimper 

d) applying a crimping force to the stent; 

c) rotating the stent by a predetermined angle about its 

longitudinal axis; 
1) applying a crimping force to the stent. 

10. The method of claim 9 wherein a sheath is disposed 
about the stent prior to applying a crimping force to the stent. 

11. The method of claim 10 wherein the sheath is longer 
than the stent and the sheath is moved relative to the stent in 
between applying steps. 

12. The method of claim 9 wherein the stent is rotated by 
about 90° during step e). 

13. The method of claim 9 further comprising the steps of: 

g) rotating the stent by a predetermined angle about its 
longitudinal axis; and 

h) applying a crimping force to the stent, pi steps g) and 
h) occurring subsequent to step f). 

14. The method of claim 13 wherein the stent is rotated by 
about 90° during step e) and by about 45° during step g). 

15. The method of claim 9 where a non-uniform crimping 
force is applied to the stent during at least one of steps d) and 

f>- 

16. The method of claim 9 wherein the stent is crimped to 
a nonuniform diameter. 

17. A method of crimping a stent comprising the steps of: 
providing a stent disposed about a region of a catheter, the 

region having a non-uniform transverse cross-section; 
applying a non-uniform crimping force to the stent. 

18. The method of claim 17 wherein the applying step 
comprises the steps of: 

applying a first crimping force to a first portion of the 
stent; and 

applying a second crimping force to a second portion of 
the stent, the first force different from the second force. 

+ * * * * 
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